offspring, but this was not the case in the other treatments. When grown among or in close proximity to competitors, T. repens plants did not show preferential growth towards open spaces (i.e., no horizontal foraging), but did show strong vertical foraging by petiole elongation. In the homogeneous competition treatment, petiole length increased with the productivity of the parental site, but this was not the case in the heterogeneous competition treatment. Moreover, petiole length increased with mowing frequency and grazing intensity of the parental site in all but the homogeneous competition treatment. In summary, although the expression of differences between plants from sites with different productivities and land-use intensities depended on the experimental treatment, our findings imply that there are transgenerational effects of land use on the morphology and performance of T. repens.
Introduction
The productivity and heterogeneity of grasslands are determined by the variation in climate, edaphic factors, and particularly by the land use in the area of interest (Adler et al. 2001; Zhou et al. 2008; Berner et al. 2011; Hirobe et al. 2013) . In Central European grassland ecosystems, fertilization, mowing, and grazing are the primary land-use processes, and they are likely to affect the degree and heterogeneity of competition among plants. While fertilization and mowing may result in a spatially more homogeneous grassland sward, selective grazing and trampling by livestock can increase the temporal and spatial heterogeneity of soil nitrogen, light, and vegetation cover (Howe 1999; Augustine and Frank 2001; Bakker et al. 2003; Zhou et al. 2008; Marion et al. 2010) . Thus, it is likely that ecological pressures on competitive ability, plastic foraging, and elongation responses of constituent plants vary among grasslands with different productivities and land-use types and intensities. These pressures might have direct effects on plants in these grasslands, but they may also affect the growth and morphology of their offspring through maternal effects and evolutionary change.
Clonal plants are common and often dominant in many ecosystems (de Kroon and Bobbink 1997; Klimeš et al. 1997) . The success of clonal plants is often explained by specific traits (Fischer and van Kleunen 2002) such as selective ramet placement (i.e., clonal foraging; Wijesinghe and Hutchings 1997; Hutchings and Wijesinghe 2008) , which may increase their competitive abilities or allow them to reduce or avoid competition in heterogeneous environments (van Kleunen and Fischer 2001) . On the other hand, clonal plants can, just like non-clonal plants, also respond to shading from competitors through elongation responses (van Kleunen et al. 2000; Weijschedé et al. 2006 Weijschedé et al. , 2008b Vermeulen et al. 2008; Bittebiere et al. 2012 ). However, whether-in addition to phenotypically plastic responses to competition and heterogeneity-there are also transgenerational effects on clonal plant traits is far from clear.
A recent meta-analysis showed that 60 % of commongarden studies testing for evolutionary effects (or maternal carryover effects) of land use on plants in grasslands found differences between plants from sites with different landuse regimes (Pluess 2013) . However, there were no general patterns in the direction of the differences, and it was not clear whether the differences that were found are adaptive (Pluess 2013) . This lack of a general pattern could be partly due to the low number of studies for each comparison or to variation in growth conditions among studies. In highly productive grasslands, selection might generally favor competitive ability, and we may expect increased plant height and/or petiole lengths in order to avoid shading; on the other hand, in more heterogeneous grasslands with gaps in the vegetation, clonal foraging might be selected for, as it would allow the plants to occupy these gaps. The expression of differences among offspring may, however, depend on growth conditions (i.e., offspring may differ in plasticity). Therefore, to test whether differences among offspring in traits and plasticity might reflect adaptive transgenerational effects, plants from different land-use regimes should be grown under multiple environmental conditions simulating the different land-use regimes.
Here, we conducted a common-garden experiment in which we grew plants of the clonal herb Trifolium repens from seeds that had been collected in 58 grassland sites differing in productivity and land use (mowing and grazing intensities). To test whether these plants differed in their responses to competitors, we grew half of them in experimental trays with or without competition. In addition, to test whether plants differ in their performance and capacity for foraging in heterogeneous environments, we grew the other half of the plants in trays with heterogeneous competition (Fig. 1) . Here, the seedlings of T. repens were either planted just inside or outside the tray half with the competitors (simulating growth at the border of a vegetation gap created by livestock). We assessed petiole length as a measure of vertical foraging; preferential ramet placement in either of the two tray halves as a measure of horizontal foraging; and number of rooted rosettes, biomass, and flowering probability as measures of performance.
We asked the following specific questions.
(1) Are plant performance and the response of this performance to experimental treatments related to the productivity and land-use intensity that the parental generation of these plants experienced in their grasslands of origin? We expected plants from more productive sites to show weaker negative responses to competitors. In addition, we expected plants from more intensively grazed sites, which are presumably more heterogeneous, to perform better under heterogeneous competition than plants from less intensively grazed sites. (2) Are vertical and horizontal foraging responses of plants related to the productivity and land-use intensity of the grasslands of maternal origin? We expected plants from more productive sites with high vegetation to produce long petioles, and plants from frequently mown sites to produce short petioles (to avoid damage by mowing). In addition, we expected plants from more intensively grazed (heterogeneous) sites to show stronger plastic foraging responses. 
Materials and methods

Study species
Trifolium repens is a common clonal herb occurring in a broad range of habitats, including pastures, roadside verges, and frequently flooded riverine habitats (Huber et al. 2009; Vermeulen and During 2010) . During one growth season, a single plant of T. repens can produce up to 30 aboveground horizontal stems (stolons) that are used for clonal spread. This stoloniferous growth form is regarded as advantageous under grazing, and is thought to contribute to the persistence of the species in grasslands (Aasmo Finne et al. 2000) . A stolon consists of a series of internodes, and each node can develop into a ramet consisting of one leaf and two root primordia, which can develop into primary roots. The axillary bud at each node can either form a lateral stolon or an inflorescence (Johansen 2009; Huber et al. 2009 ). Although clones of T. repens are highly integrated in terms of inter-ramet resource sharing, individual ramets are potentially independent, as they usually survive and produce stolons after they get disconnected with other ramets of the same clone (Huber et al. 2009 ). Therefore, the number of individual ramets produced by a clone is a good measure of the extent of vegetative reproduction.
Seed material and pre-cultivation of plants
The seeds of T. repens used in our experiment were collected during three sampling campaigns in June, July, and August 2008 from 58 grassland sites within the so-called Biodiversity Exploratories (Fischer et al. 2010) . In each site, seeds were collected from 15 randomly chosen plants, separated by at least 1 m, along four parallel transects (Völler et al. 2012) . Seeds collected from different plants were kept separately, and are referred to as seed families. The Biodiversity Exploratories consists of three regions (exploratories): the Schwäbische Alb in southern Germany, Hainich-Dün in central Germany, and Schorfheide-Chorin in northern Germany (Table S1 in the Electronic supplementary material, ESM). In each of these exploratories, the grassland sites cover a wide range of land-use types and intensities, and have been well characterized with respect to productivity (66-449 g m , for details see Table S1 in ESM). Each site was used as grassland for at least 20 years prior to the establishment of the Biodiversity Exploratories, and data on productivity, mowing, and grazing are available from 2006 onwards. It is likely that the prior land-use regimes were quite similar to the post-2006 ones. There were 24 sampling sites in Schorfheide-Chorin, 14 in Hainich-Dün, and 20 in the Schwäbische Alb.
On 4-6 June 2010, we sowed 10-30 seeds of three randomly chosen seed families from each of the 58 populations (totaling 174 seed families) in separate 1.6-L trays filled with seedling soil and placed them in an uncontrolled glasshouse. We filled 696 experimental trays (40 × 24 × 12 cm) with a 1:1 mixture of sieved sand (0-4 mm) and clay-rich agricultural soil and placed them in the garden next to the glasshouse. The 696 experimental trays were assigned to four blocks, separated by c. 1.5 m, each consisting of three rows running north-south. In 25 % of the trays per block, we sowed 0.70 g of a mixture of seeds from plants that are typical of nutrient-rich grasslands in Germany (Rieger-Hofmann GmbH, Blaufelden-Raboldshausen, Germany; see Table S2 of the ESM for the composition of the mixture) evenly throughout each tray (homogeneous competition treatment). In another 25 % of the trays, we did not sow any competitors (homogeneous no-competition treatment). In the remaining half of the trays, we sowed 0.35 g of the seed mixture evenly in the western half of each tray (for the two heterogeneous competition treatments; see below). The sowing was done on 3-4 May 2010, c. two months prior to planting the T. repens seedlings. As the densities of the competitors were quite low, we added 0.60 g of seeds to the homogeneous competition trays (totaling 1.30 g per tray) and 0.30 g of seeds to the heterogeneous competition trays (totaling 0.65 g per tray) on 2-3 June 2010.
Experimental setup
From 28 June until 2 July 2010, we randomly assigned one seedling of each of the 174 seed families to each of the four experimental treatments. We planted the seedlings 2 cm from the center of each tray, which in the heterogeneous treatments meant that the seedlings were planted just inside or outside of the tray half with competition ( Fig. 1 ). Thus, we had four treatment combinations based on whether the seedling immediately experienced competition (yes, no) and heterogeneity (yes, no; Fig. 1 ). As T. repens stolons and leaves are usually longer than 2 cm, it is likely that plants in the heterogeneous trays were able to detect the neighboring tray halves with or without competition. The four experimental trays of the same seed family (one tray per treatment) were placed in the same block, but the three seed families of the same population were randomly assigned to three different blocks. We watered the trays as necessary to prevent them from drying out.
Measurements
Directly after the start of the experiment (i.e., after planting the T. repens seedlings into the experimental trays), we counted the number of leaves and measured the length of the longest leaf (i.e., combined length of petiole and leaf blade) on each T. repens seedling as measures of initial size. Six weeks after the start of the experiment, on 9 August 2010, we measured the length of the longest petiole on each originally planted ramet, henceforth called the mother ramet. Two weeks later, from 23 to 30 August 2010, we harvested all of the aboveground biomass of each plant and separated it into the mother ramet, the parts produced in the western half of the tray (in the heterogeneous treatments, this was the half with competitors) and the parts produced in the eastern half of the tray. We counted the number of rooted rosettes (i.e., daughter ramets), and recorded the presence of flowers in the eastern and western tray halves separately. Then we weighed the three parts of each plant separately after drying the plants to constant weight for more than 48 h at 70 °C. The index of clonal foraging (i.e., selective ramet placement into one of the tray halves) was calculated as the difference in the number of rooted nodes between the western and eastern halves of each tray, divided by the sum of both (i.e., [west − east]/ [west + east]; e.g., Wang et al. 2013 ).
Data analysis
All morphological and performance variables were analyzed using generalized linear mixed effects models implemented in the lme4 package (Bates et al. 2012) in R version 2.15.2 (R Development Core Team 2012). For the analyses of petiole length, foraging index, and aboveground biomass (i.e., continuous response variables), we used a Gaussian error distribution. Aboveground biomass was lntransformed prior to analysis to fulfill the assumptions of normality and homoscedasticity. For the analysis of the number of rooted nodes (i.e., count data) and flowering status (binary data), we used a Poisson and a binomial error distribution, respectively.
To test for effects of land use in the parental sites on plant traits, we included productivity (biomass produced in 1 m 2 of vegetation averaged across the years 2008-2010, see Socher et al. 2012) , mowing intensity (the mowing index averaged across the years 2006-2010), and grazing intensity (the grazing index averaged across the years 2006-2010) as continuous explanatory variables in the fixed model. The mowing index was calculated as the frequency of mowing per year in a site divided by the average mowing frequency in the respective exploratory (Blüthgen et al. 2012 ). The grazing index was calculated for each site as the livestock-unit days ha −1 year −1 divided by the average value of the respective exploratory (Blüthgen et al. 2012) . To account for the fact that average land-use intensity values may have differed among the three exploratories, we also included exploratory identity (Schwäbische Alb, Hainich-Dün, Schorfheide-Chorin) as a fixed factor in the models before fitting the land-use indices. The grazing index was ln-transformed to get a more even distribution of values. To test for effects of the experimental treatments, we included the factors competition (mother ramet planted in a tray half with or without competition) and heterogeneity, as well as their interaction in the fixed model. To test whether the effects of land use in the parental sites depended on the experimental treatment, we included interactions of productivity, mowing intensity, and grazing intensity with the experimental treatments in the fixed model. In the analysis of petiole length, we accounted for initial differences in leaf length (i.e., combined length of petiole and leaf-blade) by including it as a covariate. In the analysis of performance variables, we accounted for initial differences in plant size by including initial size (measured as the product of the number of leaves and the length of the longest leaf) as a covariate. In addition, because both the planting and the harvesting took multiple days, meaning that some plants had more time to grow than others, we also included the time from start to harvest (duration of experiment) as a covariate. In the random model, we included block and seed family nested within population. In the analysis of the number of rooted nodes, we also included an observationlevel random effect to reduce overdispersion (Zuur et al. 2012) . All covariates and continuous explanatory variables were scaled to a mean of zero and a standard deviation of 1 to facilitate interpretation of the results (Schielzeth 2010) .
We used log-likelihood ratio tests to assess the significance of the fixed terms (Zuur et al. 2009 ). The three-way interactions were tested by comparing the log-likelihood of the complete model with those of the models from which the three-way interactions were removed in turn. The loglikelihood ratio is calculated as two times the difference in log-likelihood between a model and a submodel, and approximately follows a chi-squared distribution. The twoway interactions were tested by comparing the model without any three-way interactions with the model from which the two-way interactions were removed in turn. The main effects were tested by comparing the model without any interactions with the model from which the main effects were removed in turn.
Results
Performance traits
Plants in the homogeneous competition-free treatment produced the largest number of rooted rosettes, had the highest probability of flowering, and produced the most aboveground biomass (Fig. 2a-c) . Plants in the other three treatments, irrespective of whether they were initially planted in a competition-free tray half or not, produced very few rooted rosettes, had a low flowering probability, and produced little aboveground biomass (Fig. 2a-c) . This was reflected in significant effects of competition, heterogeneity, and their interaction (Table 1) .
In the competition-free treatment, the number of rooted rosettes tended to increase with the productivity of the site of origin (Fig. 3a) , and decreased strongly with the mowing and grazing intensities of the site of origin (Fig. 3b,  c) . In the other three treatments, where the numbers of rooted rosettes were overall very low, these associations between number of rooted rosettes and the land-use variables were absent or weaker (Fig. 3) . This dependency of the relationship between number of rooted rosettes and the land-use variables on the combination of the competition and heterogeneity treatments was reflected in significant three-way interactions between competition, heterogeneity, and the land-use variables (Table 1 ). The strong effects of mowing and grazing intensities in the competition-free treatment also resulted in significant main effects for mowing and grazing intensities (Table 1) .
Flowering probability was not significantly affected by any of the land-use variables (Table 1) . Aboveground biomass was also not affected by the productivity and grazing intensity of the site of origin (Table 1) . However, while aboveground biomass increased with mowing intensity of the site of origin when plants grew in the homogeneous competition treatment or when they started in the Fig. 2 Response of T. repens performance and plasticity to experimental treatments. Bars are least-squares means (±SE) of a the number of rooted offspring ramets, b flowering probability, c aboveground biomass, d petiole length of the longest leaf on the mother ramet, and e the clonal foraging index. p values of the significant effects of competition (C), heterogeneity (H), and their interaction (C × H) are given in each graph (also see Tables 1, 2) competition-free tray half of the heterogeneous treatment, this relationship was weaker in the other two treatments (Fig. 4) . This was reflected in a significant three-way interaction of competition, heterogeneity, and mowing intensity (Table 1) .
Vertical and horizontal foraging responses
Mother rosettes had much longer petioles in tray halves with competition than in tray halves without competition, regardless of the distribution pattern of competitors within the trays (Table 2; Figs. 2d, 5). When mother rosettes were planted in tray halves without competition, they also had longer petioles when there were competitors in the neighboring tray half than when there were none (significant heterogeneity and competition × heterogeneity effects in Table 2 ; Figs. 2d, 5).
There were significant main effects of land-use variables on petiole length, but the magnitude of these effects depended on the growth environment (Table 2; Fig. 5 ). Plants from more productive sites produced longer petioles when they were grown in homogeneous treatments, irrespective of competition, but this was not the case when the plants were grown in heterogeneous treatments (significant heterogeneity × productivity interaction in Table 2 ; Fig. 5a ). Plants from sites with higher mowing and grazing intensities produced longer petioles in the homogeneous competition-free treatment and in both heterogeneous treatments, but not in the homogeneous competition treatment (Table 2 ; Fig. 5b, c) .
The average clonal foraging index, measured as the relative difference between the numbers of rooted rosettes in the two halves of each tray, was close to zero (Fig. 2e) . It was not significantly affected by competition and heterogeneity, nor by any of the land-use variables (Table 2) . 
Discussion
We found strong direct effects of the presence of competitors on the morphology and performance of T. repens, with increases in petiole length, and reductions in growth, vegetative spread, and flowering. We also found evidence for effects of land-use intensity at the parental sites on morphology and performance of T. repens offspring. However, the expression or strength of these transgenerational effects depended on the growth environment.
Performance of T. repens
Flowering probability, vegetative reproduction, and aboveground biomass of T. repens were all strongly reduced by the presence of competitors in the trays. As the competitors Fig. 3 Fitted relationships between the number of rooted offspring ramets (vegetative reproduction) and a productivity, b mowing intensity, and c grazing intensity in the parental grassland site for T. repens plants in the four different competitive settings. The fitted relationships are derived from the generalized linear mixed model presented in Table 2 , while fixing all other variables at their mean values. Gray shading indicates SE. Land-use variables were scaled to a mean of zero and a standard deviation of 1 Fig. 4 Fitted relationships between the aboveground biomass and mowing intensity at the parental site for plants of T. repens in the four different competitive settings. The fitted relationships are derived from the linear mixed model presented in Table 2 while fixing all other variables at their mean values. Gray shading indicates SE. Mowing intensity was scaled to a mean of zero and a standard deviation of 1 1 3 had been sown two months before the T. repens seedlings were planted (simulating the establishment of T. repens in an existing grassland), the competitors clearly had a priority effect (Morin 2011) , and likely had depleted many of the available resources prior to the establishment of the T. repens seedlings. The strong reductions in performance of T. repens in the presence of competitors are in line with previous studies on this species (e.g., Solangaarachchi 1996; Weijschedé et al. 2008b) . Our results and these previous ones therefore indicate that T. repens is a weak competitor or suffers strongly from prior resource depletion by competitors. It was surprising that growth, vegetative reproduction, and flowering of T. repens plants were decreased to similar degrees in both tray halves of the heterogeneous treatment. This could suggest that the shading imposed by the competitors in the neighboring tray half was effectively equal to the shading in the tray half with competitors. However, petioles were slightly less elongated in the competitor-free tray halves than in the tray halves with competitors, which suggests that this was not the case. Another (more likely) explanation could be that the competitors had grown their roots into the competition-free halves, and had depleted the soil nutrients there to a similarly low level as in the tray halves with competitors. This suggests that the effect of competitors on belowground resource availability is at least as important as the effect on light availability.
In the absence of any competitors, T. repens from more productive sites tended to produce more vegetative offspring, suggesting that in more productive sites there has either been selection for genotypes of T. repens with more vegetative spread or that maternal carryover effects caused this pattern. As safe sites for recruitment from seeds in highly productive grasslands are limited (Eriksson and Ehrlén 1992; García-Fayos and Gasque 2006) , it could be that the increase in vegetative reproduction with productivity reflects a trade-off between vegetative reproduction and seed production. However, as flowering probability did not differ between offspring from less and more productive sites, this seems unlikely. Moreover, a recent modeling study showed that increased clonal spread might actually contribute to dispersal, and therefore does not necessarily trade off with sexual fitness (Van Drunen et al. 2015) .
Plants from more frequently mown and more intensively grazed sites, on the other hand, produced fewer vegetative offspring. Again, this could represent either genetic evolutionary change or maternal carryover effects, both of which could be adaptive. One possible adaptive explanation for this pattern is that spread through vegetative reproduction is only beneficial for plants in sites where plants and their stolons are less likely to get damaged by mowing and grazing. Another explanation could be that a small clone size might help plants to avoid detection by herbivores (Pluess 2013) .
Flowering probability was not affected by the parental land-use variables, but aboveground biomass production tended to be higher for plants from more frequently mown sites. This effect, however, was only apparent in the homogeneous competition treatment and in the heterogeneous treatments where the mother ramets were planted in the competition-free half. Given that in the competition-free treatment there was a negative relationship between number of rooted rosettes and mowing frequency but no such a relationship for aboveground biomass, individual ramets must have been heavier when the plants originated from parental sites with a higher mowing frequency. This is also in line with the increase in petiole length with mowing frequency of the parental site. Mowing might select for genotypes of T. repens that can rapidly produce tall ramets, which can overtop neighboring plants directly after a mowing event.
Vertical and horizontal foraging responses
We did not find any evidence for selective ramet placement of T. repens when plants were grown in trays with heterogeneous competition. This suggests that T. repens is not capable of horizontal foraging by avoiding patches with competition or searching for competition-free patches.
Given that the plants were planted in close proximity to the border between both patches, it is unlikely that the plants could not detect or reach the neighboring patches. Previous studies that tested for foraging responses in T. repens by measuring stolon internode elongation also did not find any strong foraging responses; some studies found that it tended to shorten stolon internodes under shading (Solangaarachchi and Harper 1987; Thompson and Harper 1988; Caradus and Chapman 1991; Thompson 1993) , while others found the opposite response (Solangaarachchi and Harper 1987; Thompson 1993; Macek and Lepš 2003) or no significant response at all (Huber et al. 1998; Marcuvitz and Turkington 2000) . T. repens also showed variable internode responses with regard to increased nutrient levels. One study found internode shortening ) but others found internode elongation (Caradus et al. 1993; Lotscher and Hay 1997) or no response at all (Nie et al. 1998 ). In our study, the initial internodes produced by the plants were very short (<1 cm), which would have made effects of plastic elongation responses or selective ramet placement negligible. Moreover, the plants produced slightly shorter instead of longer stolons when competitors were present (results not shown). Thus, overall, it appears that horizontal foraging responses in T. repens are limited. This supports the idea of de Kroon and Hutchings (1995) that most of the plastic changes in internode length are insufficient to elicit a significant concentration of ramets in favorable habitat patches. Because changes in light intensity in the vertical plane are more predictable than changes in the horizontal plane, it has been suggested that orthotropic plant organs (i.e., vertically oriented stems or leaves) are generally more plastic in response to shading than plagiotropic plant organs (i.e., horizontally oriented stems or leaves; de Kroon and Hutchings 1995; Huber 1996; Huber et al. 1998) . Indeed, in the vertical direction, T. repens showed strong petiole elongation when grown in tray halves with competition or in close proximity to competitors. As the sward of competitors was only c. 10-15 cm high, this elongation effectively positioned the trifoliate leaf blades of T. repens in Fig. 5 Fitted relationships between petiole length of the longest leaf (a measure of vertical foraging) on the mother ramet and a productivity, b mowing intensity, and c grazing intensity of the parental grassland sites for T. repens plants in the four different competitive settings. The fitted relationships are derived from the linear mixed model presented in Table 1 while fixing all other variables at their mean values. Gray shading indicates SE. Land-use variables were scaled to a mean of zero and a standard deviation of 1 the top layer of the sward or even above it (Z. Wang and M. van Kleunen, personal observation) . Previous studies of T. repens reported similar petiole-elongation responses to shading (Huber et al. 1998; Weijschedé et al. 2006 Weijschedé et al. , 2008a . Such shade-avoidance responses are also frequently reported for other species when they experienced intraspecific (Vermeulen and During 2010) or interspecific competition (Barthram 1997; van Kleunen and Fischer 2001; Weijschedé et al. 2008b ). Our findings of strong petiole plasticity but no horizontal foraging thus provide more support for the idea that orthotropic plant organs are generally more plastic in response to shading than plagiotropic ones.
Plants from more productive sites produced longer petioles than the ones from less productive sites when they grew in one of the homogeneous treatments, with or without competition. As more productive sites usually have taller vegetation, it is likely that plants of T. repens with long petioles, which position the leaf laminas in the upper layers of the vegetation, have an advantage. Although it is not clear why this pattern was not present when plants were grown in the heterogeneous treatments, our results suggest that plants from more productive sites have undergone adaptive evolution towards longer petioles or that adaptive maternal carryover effects are responsible for this pattern.
While all plants produced long petioles in the homogeneous competition treatment, irrespective of the mowing and grazing intensities of their parental sites, petiole lengths increased with the mowing and grazing intensities at the parental sites in all other treatments, i.e., the homogeneous competition-free and the heterogeneous treatments. In other words, plants from sites with high mowing and grazing intensities more or less consistently produced long petioles, whereas plants from sites with low mowing and grazing intensities were able to reach similar petiole lengths under homogeneous competition by means of plasticity. The underlying cause of this difference in plasticity might be that high mowing and grazing intensities can result in a more homogeneous vegetation cover. While livestock might increase heterogeneity, the presence of many livestock may result in grazing to very short sward heights, thereby reducing grassland heterogeneity. Indeed, there is evidence that livestock grazing can, under certain conditions, homogenize soils in grasslands (Adler et al. 2001; Hirobe et al. 2013) . Whatever the exact reason, our results show that land-use intensity can affect the phenotypic plasticity of the offspring.
Conclusions
Plants of T. repens in our study did not show any evidence of horizontal foraging, but they did show strong vertical foraging by means of petiole elongation when grown either directly among or in close proximity to competitors. Flowering probability, vegetative reproduction and aboveground biomass of T. repens were all strongly reduced by the presence of competitors in the trays, even when the mother ramets had been planted in the competition-free halves of the trays. Overall, this shows that there are strong effects of neighbors, due to either prior belowground resource depletion or direct competition, on the morphology and performance of T. repens.
Petiole length and the number of vegetative offspring were related to productivity, mowing frequency, and grazing intensity in the parental sites, but these transgenerational effects were expressed in only some of the experimental treatments. Although we cannot distinguish between maternal environmental carryover effects (Roach and Wulff 1987), epigenetic mechanisms (Bossdorf et al. 2008) , and evolutionary change, our results indicate that land use not only has a direct effect on plants but also affects their offspring.
